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METHODS FOR TREATING INTEP.L 



IN-l MEDIATED n r g > c r c 



BACKGROUr.'D OF THE IfJVENT ION 

The presfant invention describes r.ethods for the 
treatment: of a variety of diseases and racdical conditions. 
The conjTion element of the diseases and nedical conditions 
that are suitable for treat:aent according to the .r.ethods 
described h-Brein is an invoivenent of interl eukin- 1 , This 
invention describes methods for the treatment of 
interleukin-l mediated diseases and medical conditions. 

Cytokines are extracellular proteins which modify 
the behavior of cells, particularly those cells that are m 
the immediate area of cytokine synthesis and release. one 
of the most potent inflammatory cytokines yet discovered and 
a cytokine which is thought to be a key mediator in ma:iy 
diseases and medical conditions is interleukin-l (IL-I). 
Interleukin-] , which is manufactured, though not 
exclusively, by cells of the macrophage/monocyte lineage, 
may be produced in two forms, iL-1 alpha (Il-la) and IL-1 
beta (IL-lb) . 

A disease or medical condition is considered to be 
a "interleukin-l mediated disease" if the spontaneous or 
experimental disease or medical condition is associated with 
elevated levels of IL-1 in bodily fluids or tissue or if 
ceils or tissues taken from the body produce elevated levels 
of IL-i in culture. In many cases, such interleukin-l 
neckiited diseases are also recognized by the follov/ing 
additional two conditions: (1) pathological findings 
associated with the disease or ned ica 1 ' cond i t ion can be 
mimicked experimentally in animals by the administration of 
IL-1; and (2) the pathology induced in experimental animal 
models of the disease or nedical condition can be inhibited 
or abolished by treatment with agents which inhibit the 
action -of IL-1. In most "Interleukin-l mediated diseases!: 
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at least two of the three conditions are net, and in -r.any 
" j.n te rl cuk i n- 1 mediated diseascr." all three condirio.-.G are 
met, A list of dicoasGS or medical conditions vnich arc 
i n t o r 1 euk i n - 1 mediated includes, but is not limited to, the 
follow! ng : 

1) Arthritis 

2) Inf lamjnatory Dowel DiscaGO 

3) Septic Shock 

•4) Ischenic injury 

5) Reperfusion injury 

6) Osteoporosis 

7) Asthma 

8) Insulin diabetes 

9) Myelogenous and other leui'-.cmias 

10) Psoriasis 

11) Cachexia/anorcxia 
Arthritis is a chronic joint disease which 

afflicts and disables, to varying decrees, millions of 
people worldwide. The disease is typically characterized at 
the microscopic level by the inflammation of synovial tissue 
and by a progressive degradation of the molecular components 
constituting the joint cartilage and bone. Continued 
inflammation and erosion of the joint frequently load to 
considerable pain, swelling, and loss of function. 

vmile the etio-ogy of arthritis is poorly 
understood, considerab; information has recently boon 
gained regarding the nf .ecular aspects of inflammation. 
This research has lead to the identification cf certain 
cytokines, which are Irclioved to figure prominently in the 
mediation of i n f 1 amna c ion . The involvement of i n t c r 1 cu k i n- 1 
in arthritis has been implicated by two distinct lines of 
evidence. First, increased levels of interleukin- 1 and of 
the :zRilA encoding it have been found in the synovial tissue 
and fluid of arthritic joints. References of interest 
include G, Buchan e t al . . Third Annual General Meeting of 
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the aritish Society for Rheuriato i cqy , Lcndon, Er.qland, 
MoverrJaer 19-21, 1533, PR. J. RTieur.atol 25 ( Supp L e-e n::^ I 2) 
1936; A. Fontana e t 'a I . , RJieurnat o I ogy Int., 2, pp. .;g-53 
( 193 2 ) ; and G. Du ^ f e t: a ] . Monokines and Other ;/cn- 
Ly^nphocytic Cycokines, M. Povanda et a 1. . , editors, pp. 337- 
392, 1968 Alan R. Liss, Inc. 

Second, the adnin i s tra t ion of interLf2'-kin-l to 
healthy joint tissue has been shown cn nu-ercus occaGions ca 
result in the erosion of cartilage and ^sone. In one 
cxpcri-ient, intraarticular injections of IL-1 into rabbits 
were shown to cause cartilage destruction i n vivo as 
dQsczihed by E. Pettipher et al . , Proc. Mati. Acad. Sci. 
USA, Vol. S3, pp. 3749-3753, Nover.ber, 19 8 6. In other 
studies, IL-1 was shown to cause the degradation of both 
cartilage and bone in tissue explants. Relevant references 
include J. Saklatavala et al . , DGVciopnent of Diseases of 
cartilage and Bone Matrix, Alan R. Liss, Inc., pp. 291-298, 
and P. Stashenko et al . ■ The Ar.erican Association of 
Irnnunologists, Vol. 138, pp. 1464-1468, No. 5, March 1, 
1937 . 

One generally accepted theory used to explain ^he 
causal link between IL-1 and inf lairunat ion is that IL-1 
stimulates various cell types, such as fibroblasts and 
chondrocytes, to produce and secrete proinf lan.-natory or 
degradativa conpounds, such as prostaglandin E2 and 
collagenase. Consequently, the present inventors postulated 
that substances that interfere with the activity of 
interleukin-1 would appear to uake excellent candidates for 
use in the treat-ent of i n f 1 arrx:a to ry diseases like 
arthritis . 

Inf lannatory bowel disease ("IBD") is a tem used 
to describe both acute and chronic inf lairunatory conditions 
of the tissue of the intestinal tract and enccr.passes two 
generally distinct naladies known as Ulcerative Colitis and 
Crohn's disease. Ulcerative Colitis is a mucosal ulceration 
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of the colon. Crohn's disease, which is also referred' to 
Ileitis, Ileocolitis and Colitis, is a transnurax 
inf laor.ation that can be found throughout the general 
intestinal tract. 

I3D is characterized by various histological 
features including transmural acute and chronic 
granulorr.atous in f 1 aa.Tia C ion with ulceraticn, crypt abbesses 
and r.arked fibrosis. Not all of these indications will be 
found in all I3D cases. Spontaneous reactivation, 
extraintestinal inf lar-jnat ion and anemia are often associated 
with IBD. Large joint arthritis is coi^-nonly found in 
patients suffering frora Crohn's disease. 

As is found in the molecular processes of the 
inf larjnation assocxatcd with arthritis, research has found 
that various cytokines appear to nediate aspects of IBD. In 
particular, IL-1 has been implicated as a mediating r.ater-al 
m IBD. Again, two distinct lines of evidence lead to this 
conclus ion . 

Increased levels of IL-l have been found in 
affected areas of intestines frora patients with IDO. 
Tissues from patients with active Ulcerative Colitis showed 
IL-1 levels about 15 times the level found in control 
samples. Tissues with active Crohn's disease showed lL-1 
levels about 6 times that of the control, and tissues with 
inactive Crohn's disease were about 3 times that of the 
control tissue samples. Sartor et al . Gastroenterology, 94, 
Pg. A399) (Abstract of Paper). See also Satsangi et a l. 
Clin. Exp. Im.^unol., 67, Pp. 594-605 ( 1987); Rachmilewits ^ 

Gastroenterology, 97, Pg . 326 (1989) (the bicassay used 
therein to determine IL-1 concentration levels is known to 
also unselectively detect IL-2 , IL-4, 'lL-6 and IL-7). 

The role of IL-1 in IBD has also been i.Tplicated 
by studies that have shown that the perfusion of rabbit 
colons with IL-1 induces the production of prostaglandin and 
thronLbcxane. Cotiuainelli et al . Gastroenterology, 97, Pp. 
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l^OO-l'iOS (1989).. Tnis is consistent with the hypothesis 
described above, that IL-O. is linked to the inf lar-.-a t ion of 
tissues due to its stimulation of the production of 
prcinf lar.natory or degradative conpounds . Thus, it is 
likely that systenic and local IL-1 production initiates or 
contributes to the in f 1 anuna tory response in IBD, and plays 
an active role in the pathogenesis of the disease. The 
systemic production of IL-i may also be, responsible, in 
part, for the extraintestinal inflammation associated with 
Crohn's disease. 

These results have led the inventors hereof to 
propose that substances that would interfere with the 
activity ot i nterieukin-l could be effective corr.pounds for 
the treatment of I3D. 

Septic shock is a condition associated with 
massive bacterial invasion. It is cormonly believed that 
the shock is brought on, at least in part, by the presence 
of bacterial toxins (e.g., 1 ipopoly saccharide s ) . Septic 
shock is a relatively coranon cause of mortality in the 
hospital setting. At present there are few treatn-.ent 
options for patients suffering from septic shock, and the 
treatments available are generally supportive in nature. 

Septic shock is characterized by various synptons 
including a drop in nean arterial blood pressure (KAP) , a 
decrease in cardiac output, tachycardia, tachypnea, 
lacticacidemia and leukopenia. Various cytokines, including 
interleukin-1, have been implicated in the nediation of 
septic shock, although the specific etiology of the disease 
is not fully understood. 

That IL-i nay have a role in the nediation of 
septic shock has been suggested by two lines cf evidence. 
One study has been conducted wherein -the blood scrun of 
children suffering from gran-negative septicemia was 
analyzed for IL-1 concentration. This study showed that 
elevated levels of IL-1 were found in 2l\ of the patients 
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exa-ined. In addition, ifvas shovn that IL-1 s e rur-," f g ve 1 s 
were significantly higher in patients who died than in the 
survivors. Girardin et . New England J. of Medicine 3 19, 
pp. 397-400 (1938). Se e also . Cannon et a 1 . Critical Care 
Medicine, p. S58 (Abstract) April, 1989 (increased IL-L 
levels in patients suffering from sepsis syndrcr.e). 

It h-.s also been shown that hynan IL-I induces 
shock-like state in rabbits, A single bolus injection of 
human IL-lb brought about hypotension and several 
hemodynamic and hematological parameters characteristic of 
septic shock. For example, the MAP of IL-1 injected rabbits 
decreased by a minimum oT 19.1%. Okusawa e t a 1 . . j. ciin. 
Invest., 31, pp. 1162-1171 (1988). 

These results have led the inventors hereof to 
propose that substances which interfere with the activity of 
interleukin- 1 could be effective compounds for the treatment 
of septic shock. 

Ischemic injury may occur to a tissue or cryan 
whenever that tissue or organ is deprived of its normal 
blood flow. Further damage may occur when the flow of 
oxygenated blood is restored to that tissue. The extent and 
reversibility of the damage imparted depends, partly, on the 
severity of the original insult. It is possible, however, 
to mitigate the extent of tissue damage resulting from 
reperfu-.ion by a variety of therapeutic intet-\-ent ions . 
Simpson PJ et . In: Halliwell B. (ed) Oxygen Radicals and 
Xi-?sv? rniMrY> Brook Lodge Synp - Upjohn ( 1988 ). 

Reperfusion injury is a well documented sequela to 
ischemic episodes in the heart, gut, kidney, liver and other 
organs. Simpson PJ et al . In: Halliwell B. (ed) Oxvccn 
P. adjcals and Tissue Injury . Brook Lodge Syrap - L'p:)ohn 
(1980); Henaan B, et al . FASEB J. 2:1460151 (1963); ."^cDougal 
WS. The J. of Urwiogy, 140:1325-1330 (1988); Finn wr. Kidney 
Int., 7:171-182 (1990); Schrier RW. Klin Wochenschr, 66:800- 
807 (1988); and Winchei RJ . Transplantation 48:393-396 
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(198 9 ). The exact pathogenesis- o :" reperfusion injury -ay ~ 
vary depending on the tissue affected. in the heart, for 
instance, reperfusion injury is accompanied by a dra-atic 
influx of nei-itroph i Is , and these cells are thought to play a 
major role affecting the reperfusion damage. Lucchcsi DR 
Qt a 1 ■ Ann Rev Pharmacol Toxicol 26:2 0 1-224 (1 9 33). Renal 
ischemia and reperfusion injury, on the othe^r hand, appear 
to involve an increase in tubular cell ineE±)rane 
penneab i 1 i ty , increased levels of intracellular calcium, 
altered mitochondrial respiratory function, and the 
generation of free radicals. In the tcidney, the role of 
extravasating neutrophils in affecting the reperfusion 
injury is less certain. McDougal ws . The J. L'rology, 
140:1325-1330 (1938); Finn WF. Kidney Int., 37:171-132 
(1990); Schrier RW . Klin Wochenschr, 66:300-307 (19B3); and 
winchel R-7 . Transplantation 4 8:393-396 (1989). 

Despite the differences in cellular participation 
during ischemia and reperfusion injury, there may be 
similarities in the underlying mechanism. Interleuk in- 1 is 
rocnqiii,. ..i A3 an e.irly fita^a ineiluitor n f nrqan injury, .^nd 
may bn generated by resident or newly infiltrated 
inflammatory cells giving rise to organ specific tir.sue 
pathology. In such an in:-.tance, the ability to inhibit the 
biological activity of IL-L would ropresen . a novel 
therapeutic intervention aiaed at limiting the extent of 
t issue dama ^e . 

I'hls information has led the inventors hereof to 
propose that substances which interfere with the activity of 
interleukin-I could be ef.-^ :tive compounds for the 
ciniai^ation of ischemia and r?perfusion injury. 

To date, an eCCectivo, yet selective, inhibitor of 
IL-1 hAs not boon AVAilnblo in sufficient quantities or 
V^UU^ ^UAt \\-\ A VX^-^:^'^ ^' 

i VV.M\I. Uw\ li\ iho Lio.Atmont od aitliiiUin, inu, r.eptic 
shock, ischemia injury or reperfusion injury and for use as 
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a therapeutic agent in the treatr-.ent of i n f 1 a.-,.T.a t ^ o n . 

Despite the prior art, the present inventors have 
identified a class of compcunds, referred to herein as 
interleukin- 1 inhibitors, that prevent and treat 
interloukin- 1 r.ediatcd diseases. Moreover the present 
therapeutic inte—zent ions may be practiced without 
unacceptable compronise o? normal phys'iolog ical processes 
(^.g. irr.rr.uno conpetency) which are essential to the patients 
well being. 

In currently pending U.S. Patent Application 
serial Mo. 07/506,522, filed April 6, 1990 specifically 
incorporated herein by reference, a preferred class of 
naturally occurring, pro te i naceous in te rl euk i n- 1 inhibitors 
and a nethod for r-.a nu f actu r i ng a substantial quantity of the 
same with a high degree of purity are described. In 
particular, the aforementioned application describes in 
detail three such interleukin-1 inhibitors which are 
interleukin-1 receptor antagonists (Il-lra's), nanely, IL- 
lialpha (IL-lia), IL-libeta IL-liB, and IL-iix. These IL- 
ira's will be referred to as IL-lraa, IL-lrab and IL-lrax, 
respectively, in this ?.ppl ica t i on . 

^.tJMKARY nr THT IhTVENTIO N 

The present invention describes a method for the 
treatment of interleukin-1 mediated diseases by 
administering to patients in need thereof a therapeutic 
agent . 

An object of the present invention is to provide 
u,athods for treating interleukin-1 mediated arthritis, 
interleukin-L mediated in f 1 amma tory _ bowe 1 disease ("IDD"), 
interleukin-I mediated septic shock, interleukin- I mediated 
ischemia injury and interleukin-1 mediated reperfusion 
injury by administering to patients in need thereof a 
therapeutic agent. 

Additional objects and advantages of this 
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invention will be sec forth in part in the description which 
follows and in part will be obvious from the ciescripticn or 
may be leariied fron practice of the invention. The cb:)octs 
and advantages .Tiay be realized and attained by -cans of the 
instrumentalities and combinations particularly pointed out 
in the appended claims. 

To achieve the objects and in Accordance -with the 
purposes of the present invention, methods are disclosed for 
treating interleukin-1 mediated diseases, including 
intorleuKin-1 mediated arthritis, inte r 1 eukin- 1 mediated 
inflammatory bowel disease, interleukin-l nicdiatod septic 
shock, interleukin-l mediated ischeraia injury and 
ir.terleukin-1 mediated reperfusion injury. Tr.ese methods 
comprise administering to those patients in need thereof a 
therapeutically effective amount of an interleukin-l 
inhibitor . 

Preferred interleukin-l inhibitors of the present 
invention are proteins and, more particularly, are 
naturally-occurring proteins. The na tu r-i 1 ly-occu r r ing 
proteins are preferred because they pose a relatively low 
risk of producing unforeseen side effects in patients 
treated therewith. 

A preferred class of interleukin-l inhibitors are 
the human proteins which naturally sex-ve as interleukin-l 
receptor antagonists (IL-lra's). Preferably, those IL-lra's 
which are preferred in the practice of the present invention 
are selected from the group consisting of IL-lraa, IL-LraS, 
IL-lrax, or the N-terminal methionyl derivatives of IL-lrax. 
A.1SO preferred are proteins which have been modified for 
example by the addition of polyethylene glycol (PEG) or -zny 
other repeat polyner to increase their circulating half-life 
and/or to decrease their -.mjaunogenicity . 

While the production of IL-lra may be achieved by 
extraction from naturally available sources, such as by 
isolation from the conditioned medium of cultured human 
-9- 



BAD 



monocytes, a preferred rnettiod of IL-Ilo producticii is by 
r ecor:\i3 i nanr oriA technology. Recor'Jo inant QUA tochnclcrjy is 
preferred in part because it is capable of producing 
comparatively higher amounts of IL-lra at grcator -ricicG. 

It is to be understood that both the foregoing 
genercl description and the following detailed do^cription 
are exerr.plary and explanatory only and are not restrictive 
of the invrsntion as claimed. 

BRIEF OESCP-I PTIOM OF T H E DR/\WINGS 

FIG. 1 depicts the release of glycosaminog 1 yeans 
(GAG) from bovine nasal cartilage in response to increasing 
amounts of IL-IB; 

tlG. 2 depicts th-.- inhibitory effect of increasing 
amounts of IL-lra on the I L- 1 B- i nduced release of GAG from 
bovine nasal cartilage; 

FIGS. 3 and 4 depict the inhibitory effect of IL- 
lra on the pathogenesis of type II col lagen- induced 
arthritis in nice; 

FIG. 5 depicts the inhibitory effect of IL-lra on 
sew reactivation of SCW-induced arthritis in lats. 

FIG. 6 depicts the effect:; of IL-lra treatment on 
various indications of interleukin-1 mediated I3D. 

FIG. 7 depicts the effe-ts of IL-lra on PC-APS 
reactivation of joint inf lanunat ion in conjunction with 
indocethac i n . 

FIG. 8 depicts the effects of IL-lra on sur'.'ival 
rate in rabbits with endotoxin-induced shock. 

DETA r_LE:.D_ DES CPIPTION O F PPEFET-RED EMBODIMENTS 

P.effcirence will now be nade in detail to t.he 

proscncly preferred embodiments of the invention, which, 

together with the following examples, serve to explain the 

principles of the invention. 

As noted above, the present invention relates to 

-10- 
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7T:e-hr.ds for treating intefleukin-l mediatsd diseases 
including in te r 1 euk i n- 1 mediated arthritis, intorleukin-1 
mediated i n f 1 a mr-.a t o ry bowol disease, i n te r L eu k i n- 1 -cdiatcd 
septic shock, intcrieukin-i mediated ischemia injury, and 
interleukin- 1 mediated reperCusion injury in patients 
suffering therefrom. This method comprises the 
administration of a therapeutically efSective amount of an 
interleukin-1 inhibitor. In one embodiment, the preferred 
interleukin-1 inhibitors of the present invention are 
naturally-occurring proteins that serve as IL-1 receptor 
antagonists (IL-lra's). 

A disease or medical condition is considered to be 
a "interleukin-1 mediated disease" if the spontaneous or 
experimental disease or medical condition is associated with 
elevated levels of IL-1 in bodily fluids or tissue or if 
cells or tissues taken frora the body produce elevated levels 
of IL-1 in culture. In many cases, such interleukin-1 
mediated diseases are also recognized by the following 
additional two conditions: (1) pathological findings 
associated with the disease or medical condition can be 
mimicked experimentally in animals by the ad.ministrat ion of 
IL-1; and (2) the pathology induced in experimental animal 
models of the disease or medical condition can be inhibited 
or abolished by treatment with agents which inhibit the 
action of IL-1. In most "Interleukin-1 mediated diseases" 
at least two of the three conditions are met, and in many 
"interleukin-1 mediated diseases" all three conditions are 
met. A list of diseases or medical conditions which are 
intarl eukin-l mediated includes, but is not limited to, the 
following: 

1) Arthritis 

2) Inflammatory Bowel Disease 

3) Septic Shock 

4) Ischemic injury 

5) Reperfusion injury 

-11- 
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6) Osteoporosis 

7 ) Asthma 

8) Insulin diabetes 

9) Myelogenous and other loukcnijs 

10) Psorianis 

11) Cachexia/anorexia 

The naturally-occurring proteins are preferred in 
part because they pose a comparatively low risk of producing 
unforocGcn and undesirable physiological side nffoctc in 
patients treaued therewith. 

For purposes of the specification and claims, a 
protein is deemed to be " na tura 1 1 y -occu rr ing " if it o .• a 
substantially equivalent protein can be found to ex-ist 
normally in healthy humans. "Naturally-occurring" proteins 
may be obtained by recocibinant DMA methods as well as by 
isolation fron cells which ordinarily produce them. 
"Naturally-occurring" encompasces proteins that contain an 
Il-tcrrainal methionyl group as a consequence of oxprccsion in 
E. Coli. 

"Substantially equivalent" as used throuuhout the 
specification and clains is defined to mean possessing a 
very high degree of amino acid residue homology (See 
generally M. Dayhcff, Atlas of Protein Sequence and 
Structure , Vol. 5, p. 124 (1972), National Biochemical 
Research Foundation, Wa.shington, D.C., specifically 
incorporated herein by reference) as well as possessing 
comparable biological activity. 

Particularly preferred IL-lra's of the present 
invention are the naturally-occurring proteins that exist jji 
vivo as regulators of interleukin-1 th^t have previously 
been described in a currently pending United States patent 
application. This application is U.S. Patent Application 
Serial No. 07/266,531, filed November 3, 1989, by Kannura £i 
al. , which is entitled "Interleukin-l Inhibitors." This 
U.S. patent application is: specifically incorporated herein 
-12- 
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by reference. 

Three preferred fornis of IL-lra, each being 
derived from the sarae DNA coding sequence, were disclosed 
and describc2d in the aforementioned Hannuni e c a I . 
application. The first of these, IL-lraa. wac characterized 
as behaving as a 22-Z3 kD molecule on SDS^PACE with- an 
approximate isoelectric point of 4.8, elutinq fron a Mono Q 
FPLC column at around 52 nuM MaCl in Tris buffer, pH 7.6. 
The second, IL-lraB, was characterized as behaving as a 22- 
23 kD protein, p. 1=4. 8, eluting from a Mono Q column at 60 
n-uM Js'aCl. The third, IL-lrax, was characterized as behaving 
as a 20 kD protein, eluting from a Mono Q c-ilur.n at 48 ruM 
NaCl. All three of the Hannum e t a 1 . interleukin-1 
inhibitors were shown to possess similar functional and 
imjnuno logical activities. The present invention also 
includes modified IL-lra's. In one embodiment, the IL-lra 
is modified by rittachment of c:-e or more polyethylene glycol 
(PEG) or other repeating polymeric moieties. In another 
embodiment, the IL-lra contains an N-terminal methionyl 
group as a consequence of expression in E. coli. 

Methods for producing the Hannum et a 1 . inhibitors 
ate also dis.-:losed in the above mentioned application. One 
disclosed -method consisted of isolating the inhibitors from 
human monocytes {where they are natur;^ily produced) . A 
second disclosed method involved isolating the gene 
responsible for coding the inhibitors, cloning the gene in 
suitable vectors and cell types, expressing the gene to 
produce the inhibitors and harvesting the inhibitors. The 
latter method, which is exemplary of recombinant DNA methods 
in general, is a preferred method of the present invention. 
Recombinant DKA methods are preferred in part because they 
arc capable of achieving comparatively higher amounts at 
greater purities. 

Additional interleukin-1 inhibitors include 
compounds capable of specifically preventing activation of" 
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cellular receptors to IL-l. Such compounds include IL-1 
binding proteins such as soluble receptors and r.oncclcr.al 
antibodies. Such compounds also include receptor 
antagonists and nonoclonal antibodies to the receptors. 

A second class of IL-lra's include the cor.pounds 
and proteins which block in vivo synthesis and/or 
extracellular release of IL-1. Such compounds include' 
agents which afff.ct transcription of IL-1 genes or 
processing -L-1 preproteins. Under certain conditions, the 
IL-lra will blo>.;k IL-l induced IL-1 production. 

Pref '.-rably , the above described IL-lra's are 
produced by the aforementioned method in "substantially 
pure" form. By "substantially pure" it is meant that the 
inhibitor, in an unmodified fora, has a comparatively high 
specific activity, preferably in the range of approximately 
150,000-500,000 receptor units/mg as defined by Hannura 
al . in Nature 2AJ.' 336-340 (1990) and Eisenberg e t a 1 . in 
Nature 3 4 3 : 341-346 (1990), both of which are specifically 
incorporated herein by reference. It is to be recognized, 
however, thdt derivatives of IL-lra may have different 
specific activities. In a preferred emJDodiment of the 
present invention, a therapeutic composition comprising at 
least one of IL-lraa, IL-lraB, and IL-lrax is administered 
in an effective amount to patients suffering from 
interleukin- 1 mediated diseases. 

Because it is possible that the inhibitory 
fu.nction of the preferred inhibitors is imparted by one or 
mora discrete and separable portions, it is also envisioned 
that the method of the present invention could be practiced 
by administering a therapeutic composition whose active 
ingredient consists of that portion (or those portions) of 
an inhibitor which controls (or control) interleukin-l 
inhibition. 

The therapeutic composition of the present 
invention J.s preferably administered parenterally by 
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injection, although oth^r effective administration forms, 
such as intraarticular injection, inhalant nists, orally 
active formulations, or suppositories, are also envisioned. 
One preferred carrier is physiological saline solution, but 
it is contemplated thnt other pha rmaceut i ca 1 1 y acceptable 
carriers may also be used. In one preferred embodiment it 
is envisioned that the carrier and the IL-lra constitute a 
physiologically-compatible, slow-release formulation. The 
primary solvent in such a carrier nay be either aqueous or 
non-aqucous in nature. In addition, the carrier nay contain 
other pharmacologically-accoptablo e::cipient5 for modifying 
or maintaining the pH, osmolarity, viscosity, clarity, 
color, sterility, stability, rate of dissolution, or odor of 
the formulation. Simile ly, the carrier may contain still 
other pharm .colog .cally -acceptable excipients for modifying 
or maintaining the stability, rate of dissolution, release, 
or absorption of the IL-lra. Such excipients are those 
substances usually and customarily employed to form.ulate 
dosages for parenteral administration in either unit dose or 
multi-dose forro. 

Once the therapeutic composition has been 
formulated, it may be stored in sterile vials as a solution, 
suspension, gel, emulsion, solid, or dehydrated or 
lyophilized powder. Such formulations may bo stored either 
in a ready to use form or requiring reconstitut ion 
innediately prior to administration. The preferred storage 
of such formulations is at temperatures at least as low as 
4'c and preferably at -70C. It is also preferred that such 
fomulations containing Il-lra are stored and administered 
at or near physiological pH. It is presently believed that 
storage and administration in a formulation at a high pH 
{i.e. greater than 8) or at a low pH (i.e. less than 5) is 
undesirable . 

Preferably, the manner of administering the 
formulations containing IL-lra is via an intraarticular, 
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subcutaneous or intra-uscul-a r route. Preferablv, t.^e' -.anr.ez 
of adninistering the formulations containing IL-lra is via 
i nt ra - a rt icu i a r , subcutaneous, intramuscular or intravenous 
injection, suppositories, ener.i, inhaled aerosol, or oral or 
topical routes. To achieve and maintain the desired dose of 
IL-lra, repeated subcutaneous cr intramuscular injections 
may ba administered. Both of these methods are intended to 
create a Tsselected concentration range of IL-lra in the 
patient'tj blood strear . It is believed that, the -air.tenance 
of circulating concentrations of IL-lra of less than o.oi ng 
per ni of plasma may not be an effective composition while 
the prolonged maintenance of circulating levels in excess of 
100 ug per nl may have undesirable side effects. 

A preferred dosage range for the treatment of 
interleukin-1 mediated arthritis is between 1 and lOO ng/ml . 
Accordingly, it is preferred that, initially, doses are 
administered to bring the circulating levels of IL-lra above 
10 ng per ml of plasma and that, thereafter, doses are 
administered at a suitable freq^jency to keep the circulating 
level of IL-lra at or above approximately 10 ng per ml of 
plasma. The frequency of dosing will depend on 
phazrmacokinetic parameters of the IL-lra in the formulation 
used . 

A preferred dosage range for the treatment of 
interleukin-1 mediated IBD is between about .5-50 mg per kg 
of patient weight administered between about 1 and 10 tines 
per day. In a more preferred embodiment the dosage is 
between about 1-10 ng per kg of patient weight administered 
between about 3 and 5 times per day. The frequency of 
dosing will depund on pha rroacokine t ic parameters of the IL- 
lra in the formulation used. 

A preferred dosage range for the treatment of 
interleukin-1 mediated septic shock is between about 1.0-200 
ug per kg per day of patient body weight per 24 hours 
administered in equal doses between about 4-15 times per 24 
-16- 
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hours. In a more preferred erU^od i.-nent the dosage is tefeen 
about 10-120 mg per kg per day of patient body weight 
administered in equ^l doses every 2 hours. m the nost 
preferred er:vbodiment 100 mg per kg of patient body weight 
per 24 hours is equally administered every 2 hours. The 
frequency of dosing will depend on phamfacokinetic- 
parameters of the Il-lra in the formulation used. 

In an additional preferred mode for the treat.T^ent 
of interleukin-1 mediated septic shock, an initial bolus 
injection of li-ira is administered followed by a continuous 
infusion of IL-lra until circulating lL-1 levels are no 
longer elevated. The goal of the treatment is to maintain 
serum IL-lra levels between 2-20 ug per ml for this period. 
In a preferred embodiment of this mode, an initial bolus of 
between about 10-20 mg per kg of patient body weight of IL- 
lra is administered followed by the continuous 
administration of IL-lra of between about 5-20 ug per kg of 
patient body weight per minute until circulating IL-1 levels 
are no longer elevated. Serura IL-lb levels mav be 
ascertained by commercially available immunoassay test kits. 
The initiation of treatment for IL-1 mediated septic shock 
should be begun, under either mode of treatment, as soon as 
possible after septicemia or the chance of septicemia is 
diagnosed. For example, treatment nay be begun immediately 
following surgery or an accident or any other event that nay 
carry the risk of initiating septic shock. 

A preferred dosage range for the treatment cf 
interloukin-l mediated ischemia and reperfusicn injury is 
between about 1-50 mg per kg of patient weight administered 
hourly. In a preferred embodiment an initial bolus of about 
15-50 mg per kg of Il-lra is administered, followed Dy 
hourly injections of about 5-20 mg per kg. The frequency of 
dosing will depend on pharmacokinetic parameters of the IL- 
lra in the formulation used. 

It is also contemplated that certain formulations 
-17- 
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containing IL-lra are to be .ad^iinistered orally. ' - 

Preferably, IL-lra which is administered in this Cashicn is 
encapsulated. The encapsulated IL-lra nay be f c rr-.u 1 a ted 
with or without those carriers customarily used in the 
compounding of solid dosage forr,s. Preferably, the capsule 
ir designed so that the active portion of the formulation is 
released at that point in the gast ro - in tes t ina 1 tract when 
bioavailability is maximized and pre-systemic degradation is 
mininized. Additional excipients may be included to 
facilitate absorption of the IL-lra. Diluents, flavorings, 
low melting point waxes, vegetable oils, lubricants, 
suspending agents, tablet disintegrating agents, and binders 
may also be employed. 

When used for the treatment of in t e r 1 euki n - 1 
mediated IBD, the administration of ir.-lra may also be 
accomplished in a suitably formulated enema. 

Regardless of the manner of administration, the 
specific dose is calculated according to the approximate 
body weight or surface area of the patient. Further 
refinement of the calculations necessary to determine the 
appropriate dosage for treatment involving each of the above 
mentioned formulations is routinely made by those of 
ordinary skill in the art and is within the ambit of tasks 
routinely performed by them without undue experimentation, 
especially in light of the dosage information and assays 
disclosed herein. These dosages may be ascertained through 
use of the established assays for determining dosages 
utilized in conjunction with appropriate dose - rc sponsc data. 

It should be noted that the IL-lra formulations 
described herein may be used for veterinary a::: well as human 
applications and that the term "patient" should not be 
construed in a limiting manner. In the case of veterinary 
applications, the dosage ranges should be the same as 
specified above. 

It is understood that the application of teachings 
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of the present invention to a specific problem cr 
environment will bo within the c:i pab 1 1 i t i c s of one having 
ordinary skill in the art in light of the tcachinqs 
contained herein. Examples of representative uses cf the 
present invention appear in the following exa.-.ples. 

In Examples 1-3, IL-lra's are fe'hown to prevent 
and/or neutralize, either totally or in part, tht effects of 
IL-1 in known arthritis models such as those described by 
Wilder, R.L., in "Experimental Animal Models of Chronic 
Arthritis," Goodacre, J. A. and w,c. Dick (ed.), 
Imriunopathogenic Mechanisms of Arthritis, Kluwor Academic 
Publishers; Dordrecht, Netherlands; Boston, Mass. (1988), 
specifically incorporated herein by reference. As is noted 
in the examples, in each model the IL-lra tested showed 
beneficial results. 

In Examples 4-6, IL-lr^'s Are shown to prevent 
and/or neutralize, either totally or in part, the effects of 
IL-1 in known IBD models such as those described by Zipser 
ei__al. Gastroenterology, 92, pp. 33-39 (1937), specifically 
incorporated herein by this reference; and Sartor et a 1 . 
Gastroenterology, S9, pp. 587-95 (1985), specifically 
incorporated herein by this reference. As is noted in the 
examples, in each nod&l the IL-lra tested showed beneficial 
results . 

In Example 5, IL-lra is shown to have beneficial 
effects on extraintestinal inflannation associated with the 
Sartor IBD model. In Example 6, intestinal inf lamjaation 
resulting from the administration of an 

NSAID — indomethacin--is also neutralized by treatment with 
IL-lra. 

In Example 7, IL-lra's are shown to prevent and/or 
neutralize, in part, the effects of IL-1 in a known septic 
shock model. Rabbits are given intravenous injections of 
€ndotoxins--bel ieved to be a principal cause of septic 
shock--to induce septic shock. The mortality rate of groups 
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of rabbits given varying amounts of IL-lra were examined. 
As can be seen in the Example, treatnerit with 
Il-lra showed beneficial results. 

In Example 8, IL-Lra*s are shown to Meucralize, in 
part, the effects of IL-1 in ischemia and reperfasion injury 
experiments. Dogs are subjected to regional myocardial 
is'Then-ra for two hours and then reperfused for four. hours. 
The size of infarct as a percentage of ventricular mass and 
the infarct size as a percent of mass at risk were measured. 
Treatment with Il-lra showed beneficial results. 

EXAMPLE 1 : Demonstration of the Effects of Human 

Interleukin-l Inhibitor in Cultured Bovine 
Nasal Cartilage Explant . 

Numerous in vitro and in vivo methods have been 
used to study the progression of arthritis. Cne in vitro 
model which has proven to be especially useful in this 
regard is cultured cartilaginous tissue explant. In fact, 
this model has been 'i<;ed in the past to demonstrate that IL- 
1 is a powerful mediator of cartilage destruction and, 
therefore, a propitious target for intervention in arthritic 
joint erosion. ( See generally G. Buchan g t a 1 . , Third 
Annual General Meeting of the British Society for 
Rheumatology, London, England, November 19-21, 1988, PR. J. 
Rheumatol 25 (Supplement 2) 1986 ; Fontana et a 1 ■ . Rheumatol 
Int ( 1982) 2 : 49-53; J. Saklatvala et a 1 . . Development of 
Diseases of Cartilage and Bone Matrix, Alan R. Liss, Inc., 
pp. 291-298; P. Stashenko et el . . Tne American Association 
of Inxaunologists , Vol. 138, pp. 1464-1468, No. 5, March 1, 
1987; G, Dodge et al . . J. Clin. Invest., 83:647-661; J. 
Sandy et a 1 . . Journal of Orthopedic Research 4:2 6 3 -2 7 2 , J. 
Saklatavala et al . . The Control of Tissue Damage, Glauert, 
ed., Elsevier Science Publishers, pp. 97-100; I. Car-±ell £i 
al., Blochem. J. 237:117-122; J. Tyler, Blochen. J., 
225:493-507; and J. Eastgate et al . . Sixth International 
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L/mphokine. Workshop, 7(3) :33P, ail of which are spGcifically 
incorporated herein by reference.) 

The cartilage explant model essentially as 
described by Steinberg et a I . . Biochem. J. 1 3 0 : 0 3 - h 1 2 , 
incorporated herein by reference, was used in this Example 
to demonstrate the mitigating effect of IL-lra on IL-1 
mediated cartilage breakdown. while bovine nasal septun was 
used here as the sourci; of cartilaginous tissue, articular 
cartilage of the type described in J. Tyler e t a 1 . . Br. J. 
Theuir.atol. 24 (Supplement 1):150-155, incorporated herein by 
reference, could also be used. 

Preparation of Cartilage . 

Bovine nasal septum was removed from freshly 
slaughtered yearling steers and placed on ice. The tissue 
was then scrubbed with Povidone/ Iodine prep solution (I- 
ethanol-2-pyrolidinone homopolyroer with iodine, obtained 
fron Medline Industries, Mundelein, 111). The mucosa and 
perichondrium were then removed. The remaining 
cartilaginous septum was then imjnersed in a 5% (v/v) 
solution of Pov idone/Iod ine for one hour at room 
temperature . 

The following procedures were then perfoirmed 
aseptically in a laminar flow hood. The septa were 
repeatedly rinsed with Gey's Balanced Salt Solution (GIBCO 
Laboratories, Grand Island, NY). The cartilage sheet was 
then p.laced on a sterile surface, and uniform 8 r-jn plugs 
were removed using a standard cork borer. Approximately 1-2 
ma of the top and bottom surfaces were removed using a razor 
blade. The plugs were then held in the Cey's Balanced Salt 
Solution. Plugs taken from different steers were kept 
separately . 

Each plug was then sectioned into several 0 . 8 nm 
disks. The cutting device used was an aluminum block of the 
type described by Steinberg et al . , Biochem. J. 18 0:403-412. 
The disks produced were consistently between 40 and 50 mg 
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wet weight. The disks were kept in culture in Oelbccco's 
Modified EagLe Medium plus 101 Fetal calf serun, plus 
Penicillin, Streptomycin, and Neonycin (all rc^qor^tz frc- 
CIBCO) , hereinafter referred to simply as rod . u.-. . The 
culture-; were maintained in d j7 c Incubator with z\ co, . 

Representative disks from eacn.:StGGr vera then 
tested for their ability to respond to IL-IB or. indicated by 
the release of glycosaminog lycans (GAC) into the culture 
modium. (glycosaminoglycans are released frori a coll once 
the cell matrix has been degraded.) The presence oi GAG woo 
detected using 1, 9 -d iraothy 1 ene thyiene blue as CGscrifced by 
Ferndale o.£_al . , Connective Tissue Research, 9:2^7-2^8, 
incorporated herein by reference. Disks that responded to 5 
ng/ni of IL-]3 by increasing output of GAG two fold or 
greater as compared to an unstimulated basal rate were 
selected for use in the following experiments. inese disks 
are hereina-fter referred to as "IL-IB responsive d.sks." 
IL-1 D ose Respo pc;p . 

This preliminary experiment was perforried to 
determine whether a dose response curve exists to increasing 
amounts of IL-IB. 

First, several of the Il-iB responsive disks were 
sectioned into quarter slices. (The remainder was set aside 
for later experiments.) Because responses to IL-1 
frequently v^ry fron animal to animal, disk to disk, and 
slice to slice, the steps of this experiment were designed 
so that eacn slice served as its own control. 

Second, each slice was incubated in one well of a 
43 well tissue culture cluster (Costar, Canbbridge, .MA) with 
a constant volume of the previously described medium. After 
48 hours, the amount of GAG present in the supernatant of 
each culture was neasursd. This anount was then ncrr.aliced 
for each culture in terns of ug GAG per mg wet weight of 
tissue. In this manner, a basal rate of GAG relea.<;3 in the 
absence- of IL-1 was established for each slice. 
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Third, nhe supe rna na nts rrom all the cuic^res --erfe 
discarded and replaced with fresh medium containing 
differing amounts of IL-IB. The IL-lB was produced in-hounr 
(J. Childs, notebook 935, pag iS 49-52) and after 
characterization, was utilized in all experiments calling 
for its use. After a 43 hour incubation with IL-lB, the 
supernatants from the cultures were recovered, and the 
amount of GAG present in each was measured. These amounts 
were normalired for each culture as abovr?. The basal rates 
were then subtracted from the IL-ID induced rates. The 
results are depicted in Fig. 1. (The results are also 
expressed in tabular form in Table 1.) As Fig. 1 clearly 
indicates, the release of GAG frc.-n the cartilaginous tissue 
is dependent on the amount of IL-lB administered. 

Because 5 nq/ml of IL-in caused an ea.-ily 
measurable increase in GAG release during the 4R hour period 
of culturing, this concentration was used in tha following 
experiment . 

Effects of rlL-lra on IL-1 Induced GAG Releas e . 

Several of the remaining IL-IB responsive disks 
were next sectioned into quarter slices. As above, r3ach 
slice was used at its own control. 

Each slice was then incubated with a constant 
volume of the prev icus ly-descr ibrd medium for 48 hours in a 
48 well tissue culture cluster. A basal rate of GAG release 
was determined for each slice. Next, the supernatants from 
the cultures were discarded and replaced with fresh medium 
containing 5 ng/ml of IL-IB and differing amounts of 
recocibinantly produced IL-lra (rlL-lra) . After a 4J hour 
incubation, the cupernatants were recovered, and the amounts 
of GAG were measured. These amounts were normalized for 
each culture by dividing the r I L- I ra/ IL- 1 B stimulated GAG 
release rate by the basal GAG release rate. The results are 
depicted in Fig. 2. As Fig, 2 clearly illustrates, the 
release of GAG from cartilaginous tissue was sharp.'.y 
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curtailed by an increase in the concentration of rlL-ira 
relative to that of IL-IB. For instance, a ten tir.es nolar 
excess of rlL-lra over IL-IB (the riolecular veights of IL-13 
and rIL-Ira are both approximately 17 kD) was sufficient to 
return the GAG release rate to the basal level. S i .-ti i 1 a r L y , 
a 1.5 ti.-ies nolar excess of rlL-lra over 11-13 was 
sufficient to reduce the stinulatior. of cFag release" to 5C\ 
of that observed in the presence of IL-IB alone. 

These results were reproduced using cartilage 
derived from several different steer. 

L3ck of Cyt otoxicity of rTT.-) , r -^- 
To show that rlL-lra is noncytotoxic , the 
inventors took slices from the remaining IL-IB responsive 
disks and exposed them to varying amounts of rlL-lra in the 
absence of IL-IS, The rate of GAG release was the sane as 
where neither rlL-lra nor IL-IB was present. 

Next, to show that the effects of IL-lra are 
reversible, the inventors then removed rIL--lra from the 
supernatants of culturing slices and adninistered IL-IB 
thereto. The slices responded just as they did in the IL-IB 
dose response experiment. Similar results occurred when 
cartilage that had been treated with IL-IB and a sufficient 
concentration of rIL-Ira to comp).etely block the action of 
IL-IB was subsequently exposed to IL-iB alone. 

£?<arnD],e 2 • Demons tra^: 1 nn o f the Effects of Human 

Interleukin-T I nhibitor on col 1 agen- r nduced 
Arthritis in t^jno . 

Type II collagen-induced arthritis in nice bears 
many reseniblances to hun.an rheumatoid arthritis and has been 
used for several years to study certairt aspects of that 
disease. J. Stuart et a l ■ . The FASE3 Journal, Vol. 2, :Jo. 
14, pp. 2950-2956, November i988, incorporated herein by 
reference. The potential involvement of Il-l in rheumatoid 
arthritis has been noted by S. 3timpson et al . . The Journal 
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of Irmunolog/, Vol. L40, pp. 2964-2969, No. 9, May 1, 1933, 
also incorporated herein by reference. 

The purpose of this experiment was to demonstrate 
that systemic administration of rlL-lra has a nitigating 
effect on the pathogenesis of type 11 col lagen- induced 
arthritis in mice. f/ 

Twenty-four mice DBA/l mice, purchased from 
Jackson Laboratories, were immunized with 0.1 r.g chick type 
II collagen in Freund ' s complete adjuvant. At day fourteen 
post immunization, the animals were randomly subdivided into 
cwo groups of twelve animals each. The experimental group 
was injected in t rape r i tonea 1 1 y twice daily with 
approximately 0.1 mg r XL- 1 ra/kg/ in j ec t i on . The injections 
continued until the animals were sacrificed ac day 47 post 
imjnunization (i.e., after 34 days of dosing]. Control 
animals were injected with an equal volume of vehicle (10 mM 
sodium phosphate, 150 sodium chloride) on the same 
schedule . 

Affected limbs were counted and clinical scoring 
was performed approximately three times weekly during the 
in-life portion of the experiment. Clinical scores from 
each animal represent, on a 0-4 point basis, the severity of 
art.hritis sustained by each paw as assessed by blinded 
observers. The clinical scores for each animal from day 26, 
when the first signs of clinically observable arthritis were 
noted, through d'ly 47, when the animals were sacrificed, are 
presented in Table 2. The tally of affected limbs and the 
total clinical score for each group are also presented in 
Table 2. These results are graphed as a function of time in 
Figs, 3 and 4, respectively. As can clearly be seen, the 
incidence and severity of the disease were slowed down 
considerably by the administration of rIL-lra. 
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Exar.p 1 e Z : p<='non s t ra t i on of the Effects of HLjr..')n 

Tpterl eu>:in- 1 Innibitor on 5 tr eatiQcccc^T L Cell 
w;^ M f SCW^ -I nduccd Reactivation of SC'^'- 
Tnduced Arthritis in Rats 

Regarding streptococcal cell wa 1 1 - i nduc ed 
arthritis, R. L. wilder in Irr-.r^unopathoaenet ic Mechanisns o^ 
Arfhritis . cr.apter 9 entitled " fTxpe r iment «:! Anir^al y.odcls of 
Chronic Arthritis" conunents "the clinical, histological and 
radiological features of the experimental joint disease 
closely reseiT±>le those observed in adult and juvenile 
rheumatoid arthritis". 

The experiment described below employs the model 
disclosed in Esser, et al. Arthritis and PJneumatism, 28: 
1401-1411, 1985, specifically incorporated herein by 
reference. This model is briefly summarized as follows: 
Streptococcal Call Wall (SCW) is injected int raa rt icu la r 1 y 
into the ankle joint of Lewis rats. Saline is injected into 
the contralateral joint to provide a control. After a 
period of twenty days, in which the initial inflammation 
dies away, SCW is again administered, this tine by 
intravenou:^ injection. This dose of SCW is insufficient to 
cause joint inflammation by itself and, therefore, has 
little or no effect on the saline injected ankle. In 
contrast, however, this dose is capable of reactivating 
inf larrjiation and joint destruction in the ankle previously 
injected with SCW. To assess the extent of inflammation 
following the second administration of sew, the dimensions 
of the ankle joint are measured daily. 

In one of nany experinents performed with the 
abova described nodel, two groups of twelve rats were used. 
Each animal was injected in the right aTiklc with SCW (1.3 ug 
rha=nosG equivalence) and in the left ankle with an equal 
volume of pyrogen-free saline. Ajikle dimensions were 
measured on days 1 through 6. 

On day 20, one group of rats was injected 
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intraperitoneal!/ with 1 rag/kg. IL-lra in an aqueous vehfcre; 
the other group was injected in t rape r i tonea 1 1 y with an equal 
volu.-^G of the vehicle solution only. One hour later, each 
aninal was injected intravenously with SCW (loo ug rhannose 
eq^jivalence) . Ten minutes later, the treatment group was 
injected intraperitoneal ly with 1 mg/kg Il-lra, and the 
control group was injected with vehicle alone. Subcutaneous 
injections of li-lra at 1 ir.g/kg were given at 2 and 6' hours 
post-sew administration and were repeated every 6 hours 
thereafter for the next 3 days. 

Table 3 and Figure 5 show the dimensions of the 
saline injected and SCW injected ankles for both the 
treatment group and the control group over the course of the 
experinient. As expected, the SCW treated ankles in both 
groups swelled in response to the intravenous injection of 
SCW. However, the response differed between treatment 
groups. The ankles in the control group swelled by about 
30% of their initial dimensions over the first 3 days 
whereas the ankles in the treatment group swelled only by 
14% over the same period. Moreover, on days 1 through 5 
post-intravenous injection of SCW, there was a statistically 
significant (P < 0.001 by a two-tailed t-test for 
independent means) difference in the dimensions of the SCW- 
treated and contralateral control ankles both groups. 

On day 8, the rats were sacrificed and both ankles 
were fixed in formalin. The fixed joints were decalcified, 
stained, and examined. Significant differences in cartilage 
erosion, bursitis, periostitis, and synovitis were found 
between the control group and the treatment group. Sone of 
these differences are set forth in Table 4. 

ExanPlf* ^ : Demonstration of the Effec'ts of Hunan 

Int;erleukin-1 Inhibitor on F ormal in-Inmune 
Complex Induced IBP. 

The rabbit model of formal in- immune complex IBD 
-27- 
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has been used to investigate the role of arachidonic ocid- 
derived i n f 1 anna to ry mediators and to evaluate the a-eutic 
strategies in IBD. Zipser et al. supra ; Brown g t ^ L . 1937 
Gastroenterology 92:54-59; Schumert et a 1 . 1933 
Prostaglandins 36:565-577, incorporated herein by reference. 

The experiment described below employs the model 
disclosed in Zipser et a 1 . supra . This model creat.es 
syinptoms analogous to active Ulcerative Colitis, and is 
briefly suminarized as follows: formaldehyde is administered 
via a catheter into the colon of rabbits and after a period 
of tine the animals receive an injection of immune complexes 
in antigen excess. Time studies following the induction of 
IBD are conducted by sacrificing the animals after 48 hours 
and removing the colons. The colons are thf>n histologically 
assessed. The effect of treatment with IL-lra's prior to 
and after the induction of IBD on i.nf lammation , edema and 
necrosis was compared with non-treated control animals. 

Inflammation was induced in the distal colon of 
male New Zealand rabbits (2. 2-2. 5kg) using a modification of 
the immune complex method of colitis Kirsnew et a 1 . 1957 
Trans. Assoc. Am. Physicians 70:102-119; Hodgson e t n I . 1978 
Gut 19:225-32, which are incorporated herein by reference. 
Four ml of 0.45% (v/v) unbuffered formaldehyde (Electron 
Microscopy Sciences, Washington, PA) was administered via a 
catheter inserted 10 cm into the distal colon of 
anesthetized rabbits (xylazine and ketamine) . Two hours 
later, animals received 0.85 ml of immune complexes in 
antigen excess through an ear vein. The complexes were 
prepared by incubating hunan serum albumin (500ug/ml) with 
rabbit antihuman antisera (ICN Imaunob iologica 1 s , Costa 
Meas, CA) , decanting the supernatant, and redissolving the 
precipated immune complexes with an albumin solution 
(6mg/ml) as described in Zipser et al . suora . 

Histologic evaluation was performed on a minimum 
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of two longitudinal sections from each colon. All ctflon 
samples were examined in a blind fashion by a single 
pathologist. The mucosa and submucosa were separately 
evaluated for infiltration of acute in f lanunatory cells 
(neutrophils and eosinophils), a s em i quant i t i ve score of 
leukocytes (L) per high power field (HPF) was determined for 
each area examined using the following quantitations: o - o 
or 1; 0.5 = 2-9; 1 - 10-20; 1.5 = 21-:0;''2 = 31-40; 2.5 - 
41-50; 3 - 51-65; 3.5 = 66-80; 4 = > 81 L/HPF. At a 
minimum, eight HPFs of mucosa and submucosa from each 
specimen were separately evaluated in each section. The 
inflammatory index was calculated by adding the averaged 
score for the mucosal and submucosal evaluations. Edema was 
semiquantitively assessed on a scale of o to 4. itecrosis 
was expressed as the percent of mucosa involved. After the 
administration of formalin, followed by immu'-e cDnplexes, 
the distal colon develops acute inf lanunat ion . ihis is 
characterized by infiltration of neutrophils primarily into 
tho, mucosa and submucosa, mucus depletion, crypt abscesses, 
edema and scattered areas of mucosal necrosis, progressively 
increased from 0.3±0.l (O hrs) to 4.5+0.7 (48 hrs) 
(p<0.001), from 0.3±0.1 to 3.6+0.3 (p<0.001) and from OX to 
89*(p<o.ooi) respectively. a subsequent decrease in these 
parameters was observed 96 hours after the induction of IBD 
(p<0.01 versus 48 hours). 

Treatnent with rr.-i^;^'^ 

A group of aniaals were treated intravenously with 
IL-lra (Smg/kg; n-8) or the vehicle alone (n=10) at six time 
points: 2 hours before and 1, 9, L7, 25, 33 ho.rs after the 
adainistration of the inxaune complexes. The rabbits were 
sacrificed 48 hours after the induction of IBD and the colon 
tissue analyzed for inflammation. 

Treatment of rabbits with IL-lra significantly 
reduced int: immatory index from 3.2+0.4 to 1.4+0.3 (p<0.02). 
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edena from 2.2i0.4 to 0.6^0.3 (p<0.01) and necrosis f^-^ 
43iIO^ to 6.6±3.2% (p<0.03) compared to veh icl e - 1 rc a ted IDO 
animals, FIG. 6. This result shows that several of the 
indications of IBD may be significantly lessened by 
troatmcnt with IL-lra. 

Sxanple Bacterial Cell Wa ll Induced IBD in p^^^ 

Unlike many other IBD models, €he bacterial cell 
wall induced IBD model shows most of the indications for 
chronic IBD or Crohn's disease. In addition to the 
formation of chronic granulomatous response, this model is 
subject to spontaneous reactivation, anemia and 
extraintestinal i n f 1 anuna t ion . 

The Bacterial Cell Wall model essentially as 
described by Sartor et; aj. supra . . was used in this Example 
to demonstrate the mitigating affect of IL-lra on IL-I 
mediated IBD. The experiment was performed generally as 
follows: the IBD is induced in rats by the intravenous 
injection of a sterile sonicate of pept idoglycan 
polysaccharide from group A streptococci. Transient 
petechial hemorrhage of the colon appears within 2-3 minutes 
and resolves by 48-72 hours after injection. A sar.ple group 
of animals were treated with IL-lra following induction of 
IBD, and after a period of time the animals were sacrificed, 
the colons removed and gross pathology evaluated. 
Induction of Tp.p, 

The bacterial ceil wall material was prepared 
according to the procedures set forth in Sticpson et al . 
^^^^ iPIT^yn. 51:240-249, incorporated herein by this 

reference. Levis rats are given subsercosa.i. injections with 
Streptococcal Cell Walls. The injections result in both 
local and systemic disorders that include bowel adhesions 
and nodules, an increased liver weight and hepatic nodules, 
a reduced hematocrit and hemoglobin level, and increased 
white blood cell count (WBC) , a reduced growth rate, and a 
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Doxnt swelling characteristic o. arthritis (see .pp^nd.x 
sartor, etel.. Gas t roento rol c-jy , sc.:>;. 7-595 -C35 
incorporated here.n by refor.nc). Thr.e sopa t e ' p rotoco 1 s 
for treatment ..tn Xl-lra wore nerfor^o. w... .^is Lei a . 
re uct.ons ir. nc.ul.s and ..r.osions have .^.en observed in 
311 Of then; in the last two protocols the reductions in 
adhesions were statistic:illy significant. 
ILr,Qtocoi A. 

TWO groups of 12 rats uor^ us.^d . On day 1, both 

wore xnjected with 15 ug total Streptococcal cell wa 1 ' • 

derived pop t idog 1 yean po lys .ccha ride ("CW PG-APJ), at seven 

Sites; three areas of thn cecum, 2 areas of the Foyer's 

patches, and two areas of the ductal ileu.-n. On day 11 evert 

signs Of the disea.se appeared including joint swelling 

diarrhe-., and bloody nose. A. this ti.e one group was'dosed 

subcutaneously with IL-lra (3 ng/Kg) every 12 hours and the 

second group was treated identically with placebo (PBS). On 

each day the size of t.he an^le joints were measured. On day 

18 the animals were sacrificed and '.he intestines were 

scored on a scale of 0 to 4 fo. the presence of granulomas 

and adhesions (Table 5) vh<» Tr_-»-, ^ ^ ^ 

^lauxe 3;. ine IL-..ra group had fewer nodules 

nnd adhesions. Tha IL-Ir,. gr^up ^ir.o had nmallor livers 

The IL-lra group had a reduc:cd white blood cell count (WDC) 

ProtocoJ, 

The protocol was similar to that used in protocol 
A except that th. amount of pg-APS used was reduced to 12 5 
ug and the treatment vUh IL-lra was started at day 8. As 
xn protocol A, reduction:; in cec.l nodules, intestinal 
ac.-.osions, liver weights, and WBC w^re Observed (Table 6). 
The reduction in auhesion was significant at the 
P < 0.02 level. 

Prc- toccl c . 

_ The protocol used was again similar to that in 
protocol A except that the .mount of PC-APS was reduced to " 
-.5 ug (as in protocol ar.. th. treatment group was 3,, ^R-GINAL 
- 3 1 - 



started on IL-lra a mg/kg subcutaneous and 2 ..g/kg i.v 
immediately following the pg-aps injection. Fu-ther Il-i-a 
injections (8 r.g/Xg, s.c. were given at lo and 18 hourl 
on day l, every 8 hours on day 2, and then every 12 hours 
for the duration of the experiment. Five anin-.als in each 
group were sacrificed at day 3, and the remainder were 
sacrificed at day 18 for examination of gut lesions (Table 
7). on day 3 there was a significant reduction in a global 
parameter representing gut lesions and a reduction in 
adhesions that approached significance (p - 0.07). m the 
group sacrificed at day 18 the results were confused because 
no disease appeared in one of the animals in the control 
group. However, the reduction in adhesions in the IL-lra 
group was still significant at the p < 0.02 level and there 
was also a significantly greater weight gain in the IL-lra 
group . 

^^^^^^HELI^: NSAID Indu^PH j^n 

In an attempt to determine whether the anti- 
inflamm.ation effects of IL-lra would be additive with those 
of NSAIDs, rats were treated with indomethacin after the 
intravenous injection of PG-APS as described in Exanple 3 
above (2 mg/kg/ at the time of reactivation at 11, 24 and 36 
hours post activation, and every 12 hours up to 6 days), 11- 
ira (2 mg/kg at 2 and 6 hours, then every 6 hours up to'36 
hours and every 12 hours up to 7 days) or a combination of 
the two drugs (Figure 7). The group on indorr.ethac in alone 
showed a greater reduction in joint swelling than that on 
IL-lra alone. However, the indomethacin group was sick and 
two animals died during the course of the experiment. The 
group receiving both drugs did even better than the group on 
indomethacin alone; the joint swelling was less, and the 
difference between the two groups was statistically 
significant on day 4 at p < o.03 and on day 7 and 8 at p< 
0.06. ^^o animals were sick in this group and there were - 
-32- 
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fewer ulcerations in the mid small intestines. Ulceration 
of the mid snail intestine is a complication in patients on 
chronic oral USAIDs. It appears, therefore, that IL-lra 
alleviates sorr.e of the IBD-like complications of NSAIDs. 

Table 8 shows the effects of IL-lra on both the 
intestinal syTnpto:ns--u 1 cers , adhesions, intiestinal 
thickening and myleloperoxidase (MPO) levels--and systemic 
sy7nptoms--hematocrit (HCT) , hemoglobin (HgB) and WBC 
levels--associated with the NSAID treatment of PG-APS 
induced ar-t-hritis. 

Examol e 7 : Demonstration of the Effects of Huma n 

I n ter 1 euk i n- 1 Receptor Antagonist on 
Endotoxin Induced Septic Shock . 

Endotoxin induced septic shock studies were 
conducted on Blue Chinchilla rabbits. The expe -imental 
protocol did not focus on any indications of th > induced 
septic shock other than group mortality. Rabbits vere used 
in the study because their sensitivity to pyrogenic and 
metabolic effects of endotoxin and other bacterial products 
are similar to those of human subjects. 

Shock was induced by a single intravenous 
injection of endotoxin at time zero. The rabbits were given 
periodic intravenous injections into an ear vein at -10 
min. , at time zero, and for every two hours thereafter for a 
24 hour period. The results of this study can be seen in 
Table 9. 

In Table 9, Group A rabbits (n=5) were not given 
any endotoxin at time zero, and were given saline injections 
free of IL-lra at the periodic injection times. Group B 
rabbits (n«10) were given .5 ng per kg of body weight of 
endotoxin at tine zero, and the periodic injections were 
again free of IL-lra. After 7 days the survival rate of 
rabbits i_n Grou^ B was only 20%. 
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In Groups C-E (n=10) endotoxin was administered at 
tine zero, and the saline injections contained varying 
amounts of IL-lra. The rabbits in group c received a total 
of 10 ;ng per kg of body weight of IL-lra. The rabbita in 
group D received a total of 30 mg per kg of body weight of 
Il-lra. And finally, the rabbits in group E received a 
total of 100 mg per kg of body weight of fL-lra. ATter 7 
days, the survival rate of rabbits in group E was 90%. 

This experiment, graphically illustrated in Figure 
8, shows that treatment with IL-lra significantly delays and 
reduces final mortality rates in rabbits with endotoxin 
induced shock. 

£^^pp^$ 8- Demonstration of t he Efforts of Hum,-.n 

Ipter^eukin-l PRC^rmr Ant^onni< ,t on T^rhPrnj ,. 
and Repgrfncti on injury 
In the following example experimental dogs were 
subjected to regional myocardial ischemia for two hours and 
then reperfused for four hours. The dogs were divided into 
two groups, one group treated with IL-lra and the other 
treated with serum albumin in the same buffer used for the 
test group. 

Animals were fasted overnight and on the following 
morning, were anesthetized with 10 ml of thianylal sodium 
5*, followed by 2 ml of sodium pentobarbital 6*, 
intravenously. Additional sodium pentobarbital was 
administered during the experiment as necessary. Artificial 
respiration was maintained with a Harvard respirator. A 
left thoracotomy was performed through the fifth intercostal 
space and polyvinyl catheters placed in. the left internal 
jugular vein for fluid and drug administration, and in the 
left internal carotid artery and femoral arteries for 
pressure monitoring and withdrawal of reference blood 
samples. A catheter was placed in the left atrium for 
injection of radio active microspheres. The left circumflex 
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artery was dissected free of surrounding t.ssue and an 
electronagnetxc flow probe was placed on the vesse^ prox..al 
to the first Obtuse marginal branch. After an intravenous 
bolus inject. on of 50 mg of lidoca.ne, the circunflex 
coronary artery was occluded with the snare occluder for 2 
hours. Conplete occlusion was verified ^with the - 
electromagnetic flow probe. The snare was then released 
suddenly, allowing reperfusion of the coronary vascular b.d 
for 4 hours. 

Two-dimensional echocardiograns and hemodynamic 
measurements (heart rate, blood pressure and left at-ial 
pressure) was deterx^ined before occlusion, after lio'mxn of 
occlus.on, 5 minutes after reperfusion, .nd < hours after 
reperfusion. Two-dimensional echocardiography was performed 
with the use of a scanner and a 2.25 MHz transducer The 
transducer was placed on the closed shaved right chest and 
was allowed full visualization of the circumferential extent 
Of the left ventricle in a short-axis projection. 
Echocardiographic images were recorded at the midpapillary 
muscle position onto a video cassette with use of a Sony 
recorder. A two-dimensional echocardiographic analysis was 
perforr^ed with the use of a minicomputer-based video 
digitizing system. 

End-diastolic and end-systolic frames were 
selected for analysis with tho use of the onset of the Q 
wave in lead II as a mar)cer of end-diastole and the smallest 
left ventricular cavity size as a marker of end-.ystole. 
Endocardial and epicardial borders for 3 consecutive beats 
during normal sinus rhythin was carefully traced directly 
from the video display onto a digitizing tablet. Quantitxve 
analysis was perfor:ned with a radial contraction model and a 
fixed diastolic center of ma.s at 22.5 degree intervals over 
the full left ventricular circumference. 

_ The midpoint of the posterior papillary muscle was 
Chosen as a fixed anatomic reference and designated as 135 
-3 5- 
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degrees. Wall thickening wa^ computed for each ^^^'22 . 

degree seccors w.ch the following eg.at.on: va 1 1 '.n^c.en i 
- [(end systolic wall thickness - end diastolic • -a l l 
thxckness)/ end diastolic wall thickness] x loo^ t^c 
normal range of wall thickening was determined fron a 
functional nap of the baseline irnages for three cardiac 
cycles and 95% tolerance H.its were established m each 
aninal. These li.-nits were used for comparison vtn ' 
occlusion and reperfusion functional .aps and abnormalities 
are expressed as the circumferential extent of dysfunction 
and the degree of dysfunction. The extent of dysfunction 
(xn degrees) was r.easured at the intercepts between the 
occlusion or reperfusion maps and the lower 95* tolerance 
Ixmit; the degree of dysfunction (in area units) is ^he 
planimetered area below the lower 95% tolerance linit. 

Regional myocardial blood flow was assessed'by the 
reference withdrawal .ethod using tracer-tabled microspheres 
(15 diameter. New England Nuclear) injected into the left 
atrium. The microspheres were ultrasonicated and vor-ex- 
agxtated before injection. Microspheres were injected 
before occlusion, after lio .in 01^ occlusion. 5 .inutes 
after reperfusion and 4 hours after reperfusion with one of 
SIX available isotopes ('"ce, "cr, '"^Sn, '"ru "fb ^'sc) 
Simultaneous reference arterial samples were 'withdrawn from 
the carotid and femoral arteries at a constant rate of 7 
ml/min with a Harvard withdrawal pu»p starting 10 sec before 
microsphere injection and continuing for 120 sec after 
completion of the injection. 

T-wo adjacent transverse left ventricular slices at 
the Bidpapillary muscle level, corresponding to the 
echocardiographic short-axis slices, were selected for - ood 
flow deter^.ination. Each slice was divided into 16 full- 
thickness 22.5 degree sectors. Each sector was then further 
divided into epicardial, midmyocardial , and endocardial 
samples. The tissue samples were then weighed, placed in 
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counting vials, and assayed for tad ioact i v i cy in a ga~.-a 
scintillation counter. After background and overlap 
corr-ction, absolute nyocardial blood flew was ca Ic-: 1 ,t tod 
with the following equation: Qn={Cra x Qr/'-r/, vhorc Qn = 
myocardial blood flow (ml/min) ; Cm = counts/ n i n in tissue 
sample ;' Qr - withdrawal race of the refer^Jnce artorial 
sample (ml/min); Cr " counts/min in the reference arterial 
sample. Myocardial blood flow is expressed per gram of 
tisr.uo for each sample. 

Just prior to sacrifice, the left circumflex 
coronary artery was briefly occluded and raonastral blue 
pigment (0.5 ml/kg) injected into the left atrium for 
del iner-.tion of the in vivo nyoca..-dial area at risk. The 
animal then received 3000 U of heparin and was sacrificed 
with an intravenous bolus of saturated KCI .-^lution and the 
heart excised. 

Treatment Grcm' - ::og wore randomly assigned to 
one of cwo groups. In the q^--_up, dogs received a bolus 

injection of 30 ng Il-lra inhibitor just prior to the onset 
of the ischemia and 15 mg IL-lra inhibitor for each hour 
until the experiment was terroinated. Control animals 
received an identical quantity of endotoxin-f ree , human 
albumin dissolved in the same buffer used for the test 
group . 

Determination of Infarct Size . After death, the 
heart of each dog was excised, the left ventricle isolated 
fron surrounding tissue, cooled in a freezer for 15 minutes, 
and then sliced into 5 mm transverse sections. The slices 
were then weighed and placed in a warm bath of buffered 
triphenyl tetrazolium chloride for ten ninutes. In this 
technique, viable tissue stains red while nonviable tissue 
remains unstained (An. Heart. J, 101:593). The unstained 
zone of infarcted tissue is outlined on transparent overlays 
and quantitated by planimetry using a microcomputer and 
correctchd for the weight of the heart slice. Infarct size_ 
-37- 
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IS expressed as the percentage ot t,^e area of ...yoca - . . a- 
r..-. (t.e area at r.s. of infarction def.nea as "^r^l 
Of t.e nyocardiu. left unstained following the .n.ect.on o' 
monustral blue into the left atriun). n,.ction o. 

the he- . After c.x-at.cn, 

the hearts were cut into 5 to 7 tran.ver^ slices 
approximately 5 ^ thxC. Two transdural nyocardial tissue 
san,ples were obtained from the nonischenic ecne (pcsi^ive 
^.onastral blue stainxng) and the central xsche.ic zone' 
(negative blue staining). The e,icardiu. for each sa.ple 
was dissected away to eli.inat. possible Upid signal 
interference. Each piece was sub.Uvided transnuraUy 
(weighing approximately 500 mg each) with one portion 
assessed for % H,0 by desiccation technig^o rwet weight - 
dry weight/wet weight) while the other was placed into a 
clean dry glass tube. Tl and Tl rel.:<ation ti.es were 
Obtained on a IBM PC 20 Minispec spectrometer (IBM 
instruments. Inc., Danbury, CT) operating at 20 MHz and 
40 C. The location of the sample in the magnet, 90= and 
lao radio frequency pulses, and detector phase we^e 
optimized for each sample before relaxation measur'e.ents 
were obtained. Tl values were determined by a fi^ o^ 20 
inversion data recovery point?, while. T2 val;,es were 
determined by using a Carr, Purcell , Meiboon-Gill ^CPMG) 
seq^^ence. m an attempt to minimize effects of diffusion 
and miscellaneous system instabilities, the 180' radio 
frecr^ency interpulse spacing was maintained at 180 
nxcroseconds. The fraction of echo samples determined were 
used as variables to adjust the duration of the CP-G 
experinent. Typically, l to 150 data point, were acquired 

tne echo train was delayed to 15% to 25. of its original 
amplitude. T2 values were deterr.ined by using a -ulti- 
oxponential fit. Only the dominant component of the 
exponential fit was used for statistical analysis. The 
results Of the Tl and T2 analysis were corrected with 
-38- 
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percent vater for adjacent tissue samples to verify , .7' 
accuracy of the KKR technique. 

H i St^g l gg j ? anci _EL 9rphgPi etr i c Eva 1 ^ .' np_. ^^^^ 
group tested at least 3 animals were evaluated by light 
microscopy. Sections stained with hematoxylin and eosin 
from each heart were evaluated for neutrophil accunulation 
within the area between viable and infarc^od tissue. 

?t;at;istp i ? Ana i y^j.-, . All data was roprGsontod as 
the moan SEM. Co;.parisons within groups were made by a 
two-way analysis of variance; when significant F values are 
obtained, paired t tests (corrected for multiple comparisons 
with the Bonferroni inequality adjustment) will be used to 
deterr-ine which measurements differed significantly from one 
another. 

CoTpnrisons between groups were made by unpaired t 
test. An exponential regression was used to correlate 
infarct size data to myocardial blood flow. 

The results of the IL-lra treatment regirr-n on 
protecting dog myocardium from occlusion reperfusion injury, 
are listed in Table 10 below. As a percentage of the left 
ventricular mass the influx infarct size in the treated 
group was reduced to 10.3% as opposed to 18.21 in the 
control animals. This represents a 40% reduction in the 
percent of the left ventricular nass that was infarcted. 
The percentage of the area at risk in contrast, wcs not 
markedly changed, 40.5% of the left ventricular mass in the 
treated group versus 44.85 in the control animals. When the 
infarcted area is calculated as a percent of the total area 
at risk, the numbers similarly favor the IL-lra treated 
animals, 24.9* versus 42% in the control group. 
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The effect of iL-lra .n reducxng the extent at 
infarcted tissue in canine coronary occlus ion-reperf us ion 
studies . 

^^^^'infarii^sizm a % of ^^PID Tr^atPd rn-^J. 

left ventricular mass 



10. 3%-*2 .2% 

Area at risk as a % of 
left ventricular mass 

40. 5%-+l . 7% 

Infarct size as a % 
of mass at risk 

24 . 9%-+4 . 6% 



18 .2\'*2'. 3% 



44.R%— t.i.9% 



42%-+8 , 3% 



Although the present invention has been described 
connection with preferred eml^odiments , it is understood 
that those Skilled in the art are capable of making 
modifications and variations without departing from tne 
scope or spirit of the present invention. luerefore the 
foregoing description of preferred embodiments is not to be 
taken .n a limiting sense, and the present invention is best 
defined by the following claims and their eqvjivalents 



-40- 



BAD ORIGINAL 



"Table 1 

^ L-; all 



ar.on Of 3ov:r.e. Vasal 



fIL-lbj 



0 

10 ng/.^ 



Fold Sfi:nuJafton 

+/- 0.47 



25ng/rra 5 
50ng/mJ 10 
150 ng/mJ 30 , , 



^•^ +/- 0.4 

+/• 0.4 
+/- 0.2 
+ /- 0^ 
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Table ^ 



ANKLE JOINT DIAMETER OF RATS INJECTED 
WITH sew AND TREATED WITH IL-lrrOR SALINE 
ACCORDING TO PROTOCOL IN EXAMPLE 3 



Joint Diameter (mm) (; SD) 



sew Injected Joints Saline Injected Jomis 



Day 


IL-1r^. 




Saline SD 




SO 




5Q 


Q 


5 96 


1 2 


6.02 


.10 


5.95 


. 1 7 


5.96 


. 1 6 


1 


7.95 


.33 


7.73 


.36 


5.94 


.15 


5.94 


.13 


2 


7.44 


.28 


7.42 


.27 


5.98 


.1 1 


5.95 


.17 


3 


7.20 


.39 


7.23 


.27 


6.00 


.12 


6.01 


.07 


6 


6.73 


.27 


6.e; 


.29 


6.06 


.09 


6.06 


.13 


10 


6.53 


.34 


6.63 


.18 


6.00 


.12 


5.85 


.16 


14 


6.44 


.21 


6.36 


.17 


5.99 


.08 


5.90 


.17 


20 


6.46 


.13 


6.52 


.14 


5.91 


.1 1 


5.87 


.20 


21 


7.34 


.36 


7.73 


,31 


5.73 


.13 


5.78 


.12 


22 


8.31 


.58 


8.70 


.43 


5.85 


.16 


5.96 


.22 


23 


8.55 


.81 


9.06 


.42 


6.02 


.19 


5.99 


. 1 6 


24 


8.23 


.71 


8.55 


.39 


6.03 


.13 


5.94 


.20 


25 


8.00 ' 


.56 


8.16 


.43 


6.05 


.12 


6.06 


.17 


28 


7.48 


.40 


7.71 


.30 


6.04 


.13 


5.98 


.13 
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Table 



Effects of IL-1r^on Joint Histopatholoqy 
Following SCW Reactivation of Joint Inflammation 

(1 mg/kg 4 limes daily on day 20 through 23) 



PaihQl cgy 
Can.'lage Erosion 
Bore Erosion 

Bursitis 

Periostitis 

Synovitis 

PMN 



Placebo Group 



_jL-lru-(3rcuo 



Posi!ives/i2 Score Pcsitives/12 Sci 

10 1.0 r .6 3 
3 0.25 t. 45 2 

11 0.92^.29 3 
9 0.75 ±.45 12 

12 2.21 ± .84 12 
12 1.0 12 



0 25 r 45 



0.17 r 39 
0.25 t: 45 
0.25 t .45 
1.08 t .47 
1.0 



NS 

.CCC3 
.013 
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T^blo -5" 



Effects of IL-lra on SCW-induced encerocol it is 
in the rat 

Intestinal C.^cal ' Liver 

Adhesign,? Nodu le?; weight rq-^i ii&i 

'•^ ^'8 16.9 43. f 

18.6 57.: 



IL-lra 

Pf^S 2.2 

P vaiuo 
for compa 
of groups 



P vaiuo 0.14 n 1 n 

for comparison 0-19 o.l3 
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Table 



Effects of IL-lra on SCW-induced enterocolitis 
in the rat 

Intestinal Cecal ' Liver ^ 

Adhesions ^gdUlgS Weight (gnil 

IL-lra 1.4 1.7 13.3 35.1 

PBS 2.2 2.3 14.1 35.8 

p value 0.017 0.077 0.23 0.43 
for comparison 
of groups 
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Table 7* 



IL-Ira 



Effects of IL-lra on SCW-induced enterocolitis 
in the rat 



Intestinal Cecal Liver wbc 

Arihps ions Nodules Hg;qht fqTTi] 

0. a 0.9 O. 047 10 . 7 



PBS 1.8 1.0 0.049 

p value 0.07 0.30 0.24 

for comparison 
of groups 
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X C7) 



c o 



E 



•^5 



l-i- 
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Ex^enmeniai enaotoxm .naucaa Ejhock ,n raco.ts; ei(ecii-ot p.-, c 



survival race 



survival (no) 

Survival raie 



I2h 24n 36h 48h 7d ' ^^'^^ 



^(N-S) 5 5 5 5 5 



C(N-IQ) 9 7 

D(N = 10) 10 7 5 5 

E(N = 10) 10 10 TO 9 



TOO 



S(N-10) 9 5 3 2 2 20 

4 3 2 20 



40 



90 
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TiiE CLAlr.S DEFINING TilE INVENTION ARE AS POLLOWS: 

1. A method for treating interleukin-1 .-.ediated 
disease which comprises ad,-ninistering to a patient -n need 
thereof a therapeutically effective amount of an 
interleukin-l inhibitor. 

2. The method of claim l whertein said 
interleukin-l inhibitor is a protein. 

3. The method of claim i wherein said 
interleukin-l inhibitor is IL-lra 

4. The method of claim 3 wherein said IL-lra 
comprises at least one compound from the group consisting of 
IL-lraa, IL-lraB, IL-lraX and methionyl Il-ira. 

5. The method of claim 4 wherein said IL-lra is 

IL-lraa . 

6. The method of claim 4 wherein said IL-lra is 

IL-lraB . 

7. The method of claim 4 wherein said IL-lra is 

IL-lraX. 

8. The method of claim 4 wherein said IL-lra \z 
methionyl IL-lra. 

9. The method of claim 4 wherein said iL-lra is 
produced by recombinant DNA methods. 

10. The method of claim 9 wherein said IL-lra is 
produced in substantially pure form. 

11. The method of claim i wherein said IL-I 
inhibitor is administered in a pharmaceut ica 1 ly acceptable 
carrier. 

12. The method of claim l wherein said IL-1 
inhibitor is administered in a liquid form. 

13. The method of claim 1 Vherein said 
interleukin-l inhibitor is an IL-1 binding protein. 

14. The method of claim 13 wherein said IL-1 
binding protein Is a soluble receptor. 

15. The method of claim 13 wheroin said IL-1 
binding protein is a monoclonal antibody. 
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interleukin- 1 



inccrleuk;. 
IL- Ira . 



The method ot claim 1 wherein said 
irihibitor blocks IL-1 production.'"" 

The method of claim 16 wherein said 
inhibitor that blocks IL-1 production 



18. The method of claim 1 wherein said 
interleukin-l mediated disease is selected from the group 
consisting of: arthritis, inf lammatorv bowel disease, 
septic shock, ischemia injury, reperfusion injury, 
osteoporosis, asthma, insulin diabetes, nyelogenous and 
other leukemias, psoriasis, and cachexia/anorexia . 

19. A method for preventing inte r 1 euk i n - 1 
mediated disease comprising administering to a patient in 
need thereof a therapeutically effective amount of an 
interleukin-l inhibitor. 

20. The method of claim 19 wherein said 
interleukin-1 inhibitor ih IL-lra. 

21. The method of claim 20 wherein said IL-lra 
is selected from the group consisting of IL-lraa, IL-lraB, 
and IL-lraX. 

22. The method of claim 19 wherein s<iid 
ij'.terleukin-l inhibitor is an lL-1 binding protein. 

23. The method of claim 22 wherein said IL-i 
binding protein is a soluble receptor. 

24. The method of cl.Tim 22 wherein aaid II -1 
binding protein is a monoclonal antibody. 

25. The method of claim 19 wherein said 
\nterljukin-l inhibitor blocks IL-1 production. 

25. The method of claim 2Z wherein raid 
interleukin-1 inhibitor that blocks il-1 production is 
IL-lra . 




27. The method oC Claim 19 wherein said^ 
intcrleukin-l mediated di-aeaae is selected from the"group 
consisting of: arthritis., inflammatory bowel disease, 
septic shock, ischemia injury, reperfusicn injury, 
osteoporoBia, asth^na, insulin diabetes, myelogenous and 
other leukemias, psoriasis, and cachexia/anorexia . 

DATED this 23rd day of June 1993 ' 

5YNERGEN, INC 

By Their Patent Attorneys: 

GRIFFITH HACK & CO 
Fellovs Institute of Patent 
Attorneys of Australia 
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Figure 2 



The offoct o1 rocombinanl IL-1ra on IL- 1 3 induced 
degradation of Bovine Nasal Cartilage 



n«« n"8 n-« n 



5 

23 
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Effect of IL-ira on Collagen Induced Arthritis 
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Figure 4 




FIG. (o 
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Figure 7 

Effects of IL-lro on PG-APS reoctivotion of joint inflcmmotlon 
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t Days 
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